Leucas aspera (Willd.) Link (Lamiaceae) is an annual, branched herb used in traditional medicine as an antipyretic and insecticide. The hydro-distilled essential oil was obtained from the aerial parts of L. aspera growing wild in North West Karnataka region of India and analyzed by gas chromatography equipped with flame ionization detector and gas chromatography coupled with mass spectrometry. Forty-three compounds were identified, representing 98.1% of the total oil. The main constituents were identified as β-caryophyllene (34.2%), 1-octen-3-ol (14.8%), α-humulene (6.3%), α-pinene (5.8%), epi-α-bisabolol (4.6%) and limonene (4.5%). The oil was found to be rich in sesquiterpene hydrocarbons (47.7%), followed by others (long chain hydrocarbons (LCH), oxygenated LCH and phenyl derivative constituents) (20.2%), monoterpene hydrocarbons (14.8%), oxygenated sesquiterpenes (14.8%) and oxygenated monoterpenes (0.6%) type compounds.
Introduction
Leucas aspera (Willd.) Link of the family Lamiaceae is an annual, branched herb commonly grows in grasslands (1) and distributed throughout India from the Himalayas to Ceylon (2) . In traditional medicine, this plant is used as an antipyretic and insecticide (3) . Diverse biological activities such as antioxidant (4) (5) (6) , antibacterial (4), hepatoprotective (5), antinociceptive, cytotoxic (6) , larvicidal, pupicidal (7), anti-inflammatory (8, 9) , analgesic (9) and anthelminthic (10) have been reported. The major volatile constituents α-farnesene, α-thujene and menthol from leaves, while amyl propionate and isoamyl propionate from flowers of L. aspera have been reported from India (11) . In another report from Nepal, the main constituents from the essential oil of aerial parts of L. aspera were identified as 1-octen-3-ol, (E)-caryophyllene and caryophyllene oxide (12) . The essential oil of the seeds of L. aspera has larvicidal properties against the mosquito Aedes aegypti (13) . This communication presents, generates terpenoid profile and correlates the essential oil from the aerial parts of L. aspera collected from North West Karnataka, India.
Experimental

Plant material
The aerial parts of L. aspera were collected in April 2014 from Belgaum (N 15.88668; E 74.52353), Karnataka, India, at an elevation of ∼800 m. The plant was identified by a Taxonomist, Dr Harsha Hegde, Scientist, Regional Medical Research Centre (RMRC), Belgaum (voucher specimen no. RMRC-1252).
gas chromatograph (GC) (Varian 450 fitted with a fused silica capillary column TG-5 (5% diphenyl-95% dimethylpolysiloxane; Thermo Scientific), 30 m × 0.25 mm i.d., 0.25 µm film thickness) under the experimental conditions reported earlier (15) (16) (17) . The oven temperature was programed from 60 to 220°C at 3°C/min, using nitrogen as carrier gas. The injector and the flame ionization detector (FID) temperature were set at 230 and 240°C, respectively. Gas chromatography-mass spectrometer (GC-MS) analysis was employed a Thermo Scientific Trace Ultra GC interfaced with a Thermo Scientific ITQ 1100 mass spectrometer fitted with a BP-1 (100% dimethyl polysiloxane; SGE Analytical Science) fused silica capillary column (30 m × 0.25 mm; 0.25 µm film thickness). The oven temperature range was programed from 60 to 220°C at 3°C/min, and helium was used as carrier gas at 1.2 mL/min for analysis. The injector temperature was set at 230°C, and the injection volume was 0.1 µL in n-hexane, with a split ratio of 1 : 50. MS was taken at 70 eV with a mass range of m/z 40-450 and other parameters used were those reported earlier (18) (19) (20) . Identification of constituents was done on the basis of retention index (RI, determined [linear temperature programed analysis was used with the formula RI = 100 × [
where t Ri = retention time of sample peak, v = column void time, t RZ = retention time of n-alkane peak eluting immediately before sample peak, t R(Z+1) = retention time of n-alkane peak eluting immediately after sample peak and Z = carbon number of n-alkane peak eluting immediately before sample peak (21, 22) ] with reference to homologous series of n-alkanes C 8 -C 25 under identical experimental conditions on BP-1 column), MS library search NIST 08 MS Library (Version 2.0 f; Thermo Fisher Scientific Austria) and Wiley MS 9th Edition (Thermo Fisher Scientific Austria), and by comparing with the MS literature data (23) and coinjection of commercial samples from Sigma-Aldrich, India (≥98% purity). The relative amounts of individual components were calculated based on the GC peak area (FID response) without using a correction factor.
Results
Forty-three compounds were characterized and identified according to their mass spectra and their relative retention indices determined on a non-polar stationary phase capillary column, comprising 98.1% of the total oil constituents. The identified compounds are listed in Table I in elution order from the BP-1 column (Figure 1) , along with the percentage composition of each component and its RI. The main constituents were identified as β-caryophyllene (34.2%), 1-octen-3-ol (14.8%), α-humulene (6.3%), α-pinene (5.8%), epi-α-bisabolol (4.6%) and limonene (4.5%). The oil was found to be rich in sesquiterpene hydrocarbons (47.7%), followed by others (long chain hydrocarbons (LCH), oxygenated LCH and phenyl derivative constituents) (20.2%), monoterpene hydrocarbons (14.8%), oxygenated sesquiterpenes (14.8%) and oxygenated monoterpenes (0.6%) type compounds (Figure 2 ).
Discussion
The essential oil profiles reported (11, 12) from the aerial parts of L. aspera in terms of major compounds were somewhat dissimilar to that found in this study, although the qualitatively relative amounts of the components are somehow similar from Nepalese plant. Correlation of the compounds from Nepal growing plant revealed high amount of 1-octen-3-ol, β-caryophyllene and caryophyllene oxide, whereas in this study, these compounds are found relatively low amount except β-caryophyllene. It is interesting to note that the compound 3-octanol was detected in trace amount from Nepal, and is found 2.6% in this study. Moreover, the quantity of α-humulene is found to be somehow similar from both the studies. The compounds linalool, (Z)-caryophyllene, (E)-nerolidol, humulene epoxide II and β-eudesmol (12) those identified from Nepal growing plant were not detected even in trace amount in this study. Similarly, α-thujene (2.1%) was identified in less amount in this report, compared with another report from India, where it was found to be 12.6% (11) . Furthermore, α-farnesene and menthol identified from other parts of South India in significant amount (11) were neither detected in this study nor from Nepalese L. aspera. The quantitative and qualitative divergence may be due to the geographical, climatic and soil conditions, which in turn may affect the composition and other secondary metabolites of the plants (24, 25) . Essential oil formation in the plants is highly dependent on climatic conditions, especially day length, irradiance, temperature and water supply. Tropical species follow in their vegetation cycle the dry and rainy seasons, while species of the temperate zones react more on day length, the more distant from the equator their natural distribution area is located (26) . The present investigation concludes that the essential of L. aspera collected from North West Karnataka, India, was found to be β-caryophyllene and 1-octen-3-ol chemotypes. According to previous bibliography (27) (28) (29) , the presence of β-caryophyllene in essential oils gives them antifungal, antimicrobial and cytotoxic activity. Also β-caryophyllene has anticancer activity (30), local anesthetic (31) and peripheral effects (32) .
The South India growing plant L. aspera gives the impressions somehow qualitatively to Nepal growing species and represented β-caryophyllene and 1-octen-3-ol chemotypes. Hence, L. aspera could be a good source of β-caryophyllene, which is the main constituent of the oil. Further studies are required to explore this oil for future medicinal purposes. 
